Introduction
============

The total testing process is conventionally divided into three main phases, *i.e*., pre-analytical, analytical and post-analytical. Several lines of evidence, accumulated over the past decades, attest that many aspects of the pre-analytical phase (*i.e*., those involving patient preparation, sample collection, handling and immediate management before testing) are highly vulnerable to both random and systematic errors, especially when appropriate standard operating procedures (SOPs) are not adequately followed ([@r1]). The source and the nature of many pre-analytical errors is often underestimated, under-recognized or even overlooked by both clinicians and laboratory professionals, so representing a real risk for patient safety, especially when the clinical decision making is driven by unreliable or biased results of *in vitro* diagnostic testing. Among the main domains of the pre-analytical phase, accurate patient preparation for testing has a vital importance for safeguarding the accuracy and repeatability of test results. The various aspects of patient preparation that should be accurately acknowledged and expectedly standardized before blood collection entail an appropriate period of fasting (*i.e*., lasting not less than 8-10 hours) ([@r2]), avoidance of strenuous physical activity 24-48 hours before blood drawing ([@r3]), deep knowledge about the impact of circadian variation on the measured concentration of many analytes (especially hormones) ([@r4]), as well as patient posture before and during venipuncture. This article thereby describes the paradigmatic case of spurious acutely developing anaemia due to collection of venous blood in different patient postures.

Methods
=======

A 55-year old women, with a medical history of irritable bowel syndrome, was admitted at 1:00 am to the emergency department (ED) of the University Hospital of Parma, complaining for acute abdominal pain lasting for nearly 5 hours. The physical exam revealed swollen abdomen and belly pain, relieving with bowel movements, but no other objective signs and symptoms.

The emergency physician ordered routine blood testing and abdominal ultrasound. Venous blood was drawn immediately for urgent clinical chemistry (Beckman Coulter AU5800; Beckman Coulter Inc., Brea, USA) and haematological testing (Sysmex XE-2100; Sysmex Inc, Kobe, Japan), and blood tubes were immediately transported to the laboratory. The blood was collected in primary blood tubes without additives for clinical chemistry measurements and containing K~2~EDTA for haematological testing (both, Terumo Europe N.V., Leuven, Belgium). The main laboratory data are summarized in the [Table 1](#t1){ref-type="table"}.

###### Laboratory testing at patient admission to the emergency department (ED) and 2 hours after admission.

  **Parameter (unit)**            **ED admission**   **2 hours after ED admission**   **Local reference range**
  ------------------------------- ------------------ -------------------------------- ---------------------------
  Haemoglobin (g/L)               118                107                              120--160
  Haematocrit (L/L)               0.35               0.31                             0.36--0.47
  White blood cells (x 10^9^/L)   3.5                3.0                              4.0--11.0
  Neutrophils (%)                 48                 49                               41--74
  Lymphocytes (%)                 41                 41                               18--48
  Monocytes (%)                   6                  5                                4--15
  Eosinophils (%)                 3                  3                                1--8
  Basophils (%)                   2                  2                                0.1--2.0
  Platelets (x 10^9^/L)           252                217                              150--400
  C reactive protein (mg/L)       1.2                1.0                              \< 3.0 mg/L
  Creatinine (µmol/L)             76                 72                               62--115
  Glucose (mmol/L)                5.1                5.0                              3.9--5.8
  Potassium (mmol/L)              4.2                4.2                              3.5--5.0
  Sodium (mmol/L)                 141                141                              136--145
  Chloride (mmol/L)               104                104                              98--106

Briefly the data showed mild anaemia (haemoglobin: 118 g/L; haematocrit: 0.35), normal leukocyte count (white blood cells (WBC): 3.5 x 10^9^/L), normal WBC differential and normal values of routine clinical chemistry tests, including C reactive protein. The patient was then managed conservatively, with wait-and-watch in the observation unit of the ED, waiting for abdominal ultrasound, and without drugs or fluid administration. A second series of venous blood samples was then drawn in the ED observation unit two hours after admission, and blood tubes were immediately transported to the laboratory. The main test results obtained in samples collected with the second venipuncture are also summarized in the [Table 1](#t1){ref-type="table"}.

Notably, the haemoglobin and haematocrit values both decreased by approximately 10%, the total WBC and platelet counts decreased by \~15%, whereas the WBC differential and the other clinical chemistry parameters remained unchanged or displayed minor variations. The variation of haemoglobin, haematocrit, WBC and platelet count were all found to be clinically significant compared to the within-subject biologic variation of these parameters (*i.e*., 2.8%, 2.7%, 11.4% and 9.1%, respectively) ([@r5]). No significant findings were found with abdominal ultrasound, and the clinical conditions of the patient remained completely stable.

Interventions and further investigations
========================================

In the lack of signs and symptoms of internal or external haemorrhage, the emergency physicians called the laboratory, to discuss the possible reasons underlying the acutely developing anaemia or for troubleshooting potential preanalytical and analytical errors. Repeated analyses on the first set of blood samples gave identical results as those generated upon ED admission, so that an analytical error could be ruled out. Once fluid contamination from infusion routes, identification errors, presence of fibrin or clots in the EDTA sample were also clearly excluded, a third series of venous blood samples was collected and the analysis of these specimens generated results virtually identical to those of the second set of blood samples (data not shown).

What happened?
==============

It was only after thoughtful discussing the sequence of events from patient admission to performance of the second venipuncture that both the emergency physician and the laboratory professional discovered that the first series of blood samples had been drawn with the patient in seated position, immediately after arrival in the ED (*i.e*., approximately 1 min passed from standing to seated position for venipuncture), whereas the second set of blood samples had been drawn with the patient lying on a gurney, in supine posture, for nearly two hours. This actually explained the substantial variation of haemoglobin, haematocrit and WBC count, since the time passed from upright to seated position was not sufficient to stabilize the compartmental distribution of body fluids. The patient was finally diagnosed with exacerbation of irritable bowel syndrome and discharged with a prescription for analgesic drugs.

Discussion
==========

Despite the impact of many pre-analytical variables on quality of laboratory testing has been thoughtfully described over the past decades, this part of the total testing process remains highly error-prone. The phlebotomy practice is especially vulnerable to errors and other non-conformities ([@r6]), and this is mostly attributable to the fact that the quality of current practices is low, phlebotomists' training may be insufficient or inadequate, or else that compliance with available guidelines for drawing blood is poor ([@r7], [@r8]).

The potential impact of patient posture before and during venipuncture has been recognized for decades. In 1966, Stoker *et at*., first showed that 15 min of standing in upright position caused a substantial increase (up to 13%) of total cholesterol in plasma, accompanied with comparable increases of total proteins and haematocrit ([@r9]). In 1977, Humphrey *et al*. also demonstrated that the values of calcium and total protein in serum were 2% to 7% lower when blood was collected in recumbent posture compared to upright position ([@r10]). The following year, Dixon and Paterson also published an interesting study showing that plasma proteins, calcium, bilirubin, alkaline phosphatase, cholesterol and other molecules bound to the proteins may be substantially decreased (up to - 17%) when blood is collected in supine compared to standing posture ([@r11]). Some other ensuing studies were then published in the 1970-1980s, substantially confirming this data. More recently, Lippi *et al.* performed another study using modern blood collection devices and contemporary laboratory instrumentation, showing that the results of a number of laboratory tests display both analytically and clinically significant decreases when the venipuncture is performed in supine compared to standing position ([@r12]). In particular, haemoglobin and haematocrit were shown to exhibit rather ample variations after shifting from one position to another, approximating 10% decrease in blood samples collected in recumbent posture compared to upright position. This is mainly due to the fact that gravitational force has a strong impact on venous hydrostatic changes and compartmental distribution of body fluids. Prolonged stay in upright position causes plasma extravasation, diffusion of filterable elements and plasma in the interstitial space, whereas bigger and substantially non-diffusible components of serum or plasma remain within the blood vessels, so leading to an increased concentration ([@r13]). This provides a reasonable explanation to the data observed in our case report, with blood cells and large molecules (*i.e*., haemoglobin, C reactive protein and creatinine) displaying decreased values and filterable elements (*i.e*., ions) remaining virtually unchanged from upright to supine patient posture.

When these findings are translated into a real-world scenario, such as that described in our case report, they may generate a substantial impact on patient management and safety. An episode of acute blood loss, regardless of the underlying cause and especially when occurring in surgical patients, may in fact trigger a number of inappropriate and potentially invasive investigations (*i.e*., X-rays, gastroscopy, colonoscopy, computed tomography, laparoscopy), or may induce inappropriate patient management (*e.g*., blood transfusions) ([@r14]), especially when pre-analytical and analytical problems are not recognized.

Despite the many national and international guidelines on collection of diagnostic blood specimens substantially agree about the fact that patient posture should be standardized before and during venipuncture ([@r15]-[@r18]), their effective implementation throughout different healthcare settings, as well as the compliance with these, are both dramatically insufficient ([@r19]). This is especially true in the ED, where overcrowding and frenetic activities may lead the personnel to disregard SOPs for blood collection and overlook the best practices ([@r1], [@r20]).

The leading take-home messages of this case report are that: (i) indications of official guidelines and recommendations for drawing venous blood should be implemented and more stringently applied throughout all the different healthcare settings, including the ED; (ii) blood collection should be always performed with the patient in the same position; (iii) the patient posture should be stabilized to one (*i.e*., sitting) or another (*i.e*., supine) position for at least 10-15 min before drawing blood; (iv) when receiving test results that do not actually match with the patient conditions, the possible impact of one or more preanalytical variables (or analytical errors) should be thoughtfully excluded; (v) cooperation and communication between the laboratory and the clinical wards (so including the ED) is the mainstay for identifying and troubleshooting the cause of spurious results of *in vitro* diagnostic testing. Unfortunately, we acknowledge that the ideal procedure for collecting blood cannot be always followed, especially in short stay units such as the ED, and so the potential clinical impact of using poorly standardized practices may be clearly acknowledged. Therefore, whenever clinically unjustified variations of laboratory parameters occur, the clinicians should promptly contact the laboratory staff to troubleshoot potential pre-analytical causes. It seems also reasonable to suggest that the patient posture may be checked and recorded along with full demographic data during blood drawing.
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